






て，核磁気共鳴断層像（NMR tomography）は MRI と
いう言葉に置き換えられたのである。」
これは１０年前の MRI 解説書の文章である１）。NMR は
臨床医学でよく知られた MRI と同じ現象を扱っている。
NMR とは，ある種の原子核 N を強力な静磁場 B０に置く
と，その原子核の種類と静磁場の強度に応じた特定の周
波数の電磁波（ラジオ波）のエネルギーを吸収・放出す
る現象のことである。１９４５年 Bloch と Purcell によって


































１H １／２ ２１３．０ ９９．９８
２D １ ３２．７ ０．０１５６
１３C １／２ ５３．５ １．１
１４N １ １５．４ ９９．６
１５N １／２ ２１．６ ０．３６
１９F １／２ ２００．０ １００．０
２３Na ３／２ ５６．３ １００．０
３１P １／２ ８６．２ １００．０
３５Cl ３／２ ２０．９ ７５．４
















































ATP の γ位のリン原子の磁化を MATP，クレアチンリ

































であり，kPCr→ATP はクレアチンリン酸から ATP になる
速度係数であり，クレアチンキナーゼ反応のクレアチン
リン酸分解方向のみかけの速度係数である。
MPCr＊ + MPCr = MPCr０





































図６ 灌流心臓測定用 NMR コイル
灌流心臓（ウシガエル）にあわせてディスポーザブル注射器の
外筒に直径２mm の銅線を巻き，鞍型コイルを作成した。外部基
準（ext. ref.）に０．１M methylene diphosphonic acid（MDP）を密
封したガラス毛細管（径２mm）を用いた。（文献７より改変）。








































クレアチンリン酸濃度 ４．５±０．６ μmol・g‐１wet wt








酸素消費 ０．１４±０．０３ μmol・g‐１wet wt・min‐１
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クレアチンリン酸 ATP kPCr→ATP クレアチンキナーゼ反応の flux
μmol・g‐１wet wt μmol・g‐１wet wt sec‐１ μmol・g‐１wet wt・sec‐１ n
胸壁の骨格筋
健常者 ２７±８ ８．２±２．４ ０．２２±０．０７ ５．７±２．２ １４
心不全患者 ２６±８ ８．４±３．４ ０．２１±０．０８ ５．１±２．２ １３
心筋
健常者
安静時 １０．１±１．２ ５．７±１．３ ０．３２±０．０７ ３．２±０．９ １６
ドブタミン負荷時 ９．９±１．２ ５．６±１．４ ０．３３±０．０９ ３．３±１．２ ６
心不全患者 ８．３±２．６＊ ５．２±１．３ ０．２１±０．０７＊＊ １．６±０．６＊＊ １７
平均値±標準偏差。＊，p＝０．０３vs．健常者；＊＊，p＜０．０００５vs．健常者。（文献８より改変）。
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31P-nuclear magnetic resonance spectroscopy on molecular kinetics
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SUMMARY
Nuclear magnetic resonance（NMR）phenomenon discovered by Bloch and Purcell in 1945 is
now used in a clinical diagnostic tool as MRI through the imaging technique suggested in 1973 by
Lauterbur. Here, we explain 31P-NMR spectroscopy and the method of observing an enzyme
reaction velocity in vivo .
When phosphorus compounds are placed in a magnetic field, the phosphorus nucleus absorbs
and discharges the energy of radio wave at a specific frequency in proportion to the magnetic field
intensity. The effective magnetic field on nucleus is reduced by the surrounding electrons, and
the shielding effect of the electrons on nucleus causes to reduce the resonance frequency of the
nucleus. The shielding effect is expressed as a chemical shift. We can identify molecular struc-
tures based on the chemical shifts of resonance lines, and this technique is called an NMR spectros-
copy. The phosphorus compounds such as ATP, phosphocreatine and inorganic phosphate can be
detected simultaneously and quantified, based on 31P-NMR spectroscopy of living muscle.
We can also measure the reaction velocity of creatine kinase, by using the phenomena of
saturation and magnetization transfer on 31P-NMR spectroscopy. The nucleus can be placed in a
condition of magnetic saturation by the repeated irradiation of the radio wave at the resonance
frequency. When the γ phosphate group of ATP is selectively saturated on living muscle, the
resonance line of phosphocreatine becomes small, indicating the magnetization transfer from satu-
rated phosphorus atom of γ phosphate group of ATP to phosphorus atom of phosphocreatine. The
phosphate exchange reaction is catalyzed by creatine kinase. The flux of the reaction from phos-
phocreatine to ATP can be calculated with the measurement of the recovery rate from saturation
（spin-lattice relaxation time, T1）of phosphocreatine. The applications on perfused heart isolated
from bullfrog and also on human heart and chest skeletal muscle in situ were reported. The
decreases in both phosphocreatine concentration and the flux of creatine kinase reaction were
found in the patients of congestive heart failure.
Key words : 31P-NMR, magnetization transfer, creatine kinase, heart
３１P-NMR スペクトロスコピーによる分子情報の活用 １６９
